We review activities in the field of theoretical, phenomenological and experimental studies related to the production of the Higgs boson in central exclusive processes at LHC in models beyond Standard Model. Prospects in the context of the Higgs boson discovery at LHC in 2012 and of proposals to build forward proton detectors at ATLAS and CMS side are summarized.
Introduction
The central exclusive production (CEP) of the Higgs boson is an exciting area of research. It received a great deal of attention over the last two decades from theorists as well as experimentalists, see Refs. 1-7. The exclusivity and hence a relatively simple experimental signature makes this process unique, but the excitement perhaps arises from a question that everybody starting to explore this process has to ask: what does the exclusivity actually cost? On theory side the price is a rather low cross section. On experiment side we pay by rather low signal selection efficiencies. But the balance is put back by a favorable signal-to-background ratio. The Higgs boson with mass close to 125.5 GeV has been discovered at the LHC in 2012 by the ATLAS 8 and CMS 9 experiments. Preliminary studies of its properties (see for example a global analysis collecting all available LHC data in Ref. 10) suggest the Higgs boson is compatible with the Standard Model (SM), nevertheless there is still room for models of New Physics. In this review aspects of the search for the Higgs boson produced exclusively at the LHC in particular in models beyond the Standard Model (BSM) are summarized.
Theoretically this process has been discussed since the early nineties. The interest was renewed by the KMR group 1 which provided the first realistic evaluation of the expected cross section for the SM Higgs boson. For several years this process formed the core of the physics case for the FP420 project 11 and its offsprings AFP of exclusive production. The process is defined as pp → p ⊕ Φ ⊕ p where all of the energy lost by the protons during the interaction (a few per cent) goes into the production of the central system, Φ. The final state therefore consists of a centrally produced system (e.g. dijet, heavy particle or Higgs boson) coming from a hard subprocess, two very forward protons and no other activity. The '⊕' sign denotes the regions devoid of activity, often called rapidity gaps. A simultaneous detection of both forward protons and the central system opens up a window to a rich physics program covering not only exclusive but also a variety of QCD, Electroweak and BSM processes (see e.g. Refs. 3, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Such measurements can put constraints on the Higgs sector of Minimal Supersymmetric SM (MSSM) and other popular BSM scenarios. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] In the SM the CEP of Higgs bosons has been studied in Refs. 7, 15, 22, 23, 37-40. CEP is especially attractive for three reasons: firstly, if the outgoing protons remain intact and scatter through small angles then, to a very good approximation, the primary di-gluon system obeys a J z = 0, C-even, P-even selection rule. 41, 42 Here J z is the projection of the total angular momentum along the proton beam axis. This therefore allows a clean determination of the quantum numbers of any observed resonance. Thus, in principle, only a few such events are necessary to determine the quantum numbers, since the mere observation of the process establishes that the exchanged object is in the 0 ++ state. Secondly, from precise measurements of the proton momentum losses, ξ 1 and ξ 2 , and from the fact that the process is exclusive, the mass of the central system can be measured much more precisely than from the central detector, by the so-called missing mass method, 2 M 2 = ξ 1 ξ 2 s (s is the square of the proton-proton center-of-mass energy) which is independent of the decay mode. Thirdly, in CEP, particularly for the so-far elusive bb mode, the signalto-background (S/B) ratios turn out to be close to unity, if the contribution from pile-up is not considered. This advantageous S/B ratio is due to the combination of the J z = 0 selection rule, the potentially excellent mass resolution, and the simplicity of the event signature in the central detector. Another important feature of forward proton tagging is the fact that it enables the strongest decay modes, namely bb, W W ( * ) , ZZ ( * ) and τ τ to be observed in one process. In this way, it may be possible to access the Higgs boson coupling to bottom quarks. This may be challenging in conventional search channels at LHC due to large QCD backgrounds, even though h → bb is the dominant decay mode for a light SM Higgs boson. Here it should be kept in mind that access to the bottom Yukawa coupling will be crucial as an input also for the determination of Higgs couplings to other particles.
43-46
The last few years witnessed a fair development in the calculations of the CEP cross sections concerning both the hard matrix element (see Refs. 4, [47] [48] [49] [50] [51] [52] [53] [54] [55] and the so-called soft absorptive corrections and soft-hard factorization breaking effects (see Refs. 56, 57 for details and references). There are basically four groups providing calculations of the cross-sections for the CEP of the SM Higgs boson, whose most recent predictions are in Refs. 7, 52-55. Their approaches differ in a number of aspects (e.g. different soft survival probabilities, different scales in the Sudakov derivative or even its complete absence). Predictions differ within the same group, depending on input parameters, e.g. parton density functions (PDF), but if taken globally, predictions of all four groups range between roughly 0.5 fb and 2 fb, leading to an uncertainty factor of three which is much progress compared to a situation in the previous decade. Since the KMR calculations i) successfully describe existing data, ii) are maintained and improved and iii) form a basis of all analyses reviewed in this document, we briefly summarise the recent development, while a complete review can be found in Ref. 14. Calculations of the combined enhanced-and eikonalsoft survival factor give lower values than the value 0.03 used in several analyses, e.g. in Refs. [22] [23] [24] [25] 39 . Also taking a more appropriate factorization scale M (rather than ≈ 0.62M ) in calculating Sudakov suppression almost halves the CEP cross section (of both the signal and the background). 48 On the other hand as discussed in 58, 59 we may expect the cross section to be increased by higher order corrections and by using the CTEQ6L 60 Leading Order (LO) proton PDF that give the best agreement of the CEP calculations with CDF data on exclusive γγ production. 61 The combined effect of all changes is estimated to be rather small. Ways to test the theoretical formalism at LHC, with or without forward proton tagging, are summarized in Ref. 62.
H → bb
There are three independent analyses which have been studying the feasibility and significance of the CEP Higgs boson decaying into bb in the SM. They have all arrived at an almost identical set of cuts to select the signal and suppress all types of background. In Ref. 15 experimental efficiencies have been obtained in the range of masses between 100 and 300 GeV using a fast CMS simulation, in Ref. 39 results for one mass point of 120 GeV were based on a fast ATLAS simulation and in Ref. 22 one mass point at 120 GeV has been studied using generator-level quantities that have been smeared using resolutions published in the ATLAS TDR. 63 After applying all these cuts, the numbers of events for the signal, for the irreducible backgrounds (defined as coming from the CEP and Double Pomeron Exchange (DPE) processes) and for the overlap backgrounds (defined later) obtained at the mass of 120 GeV are very similar among the three analyses, with the exception of Ref. 15 where the overlap background numbers are higher due to not applying a cut on the number of charged tracks outside the dijet system (see later). 33 cm −2 s −1 , high energy interactions are accompanied by a number of soft interactions in the same bunch-crossing, so called pile-up events. The most dangerous combination arises from an overlap of a non-diffractive (ND) event with a hard scale (e.g. a dijet event with jet transverse momentum as the hard scale in the case we are searching for the H → bb signal) with two additional Single Diffractive (SD) events each having a leading proton inside the acceptance of FPDs. The overlap of these three events can resemble a signal event and is the most prominent source of background in this channel at high instantaneous luminosity (around 10 34 cm −2 s −1 ). At low instantaneous luminosity (around 10 33 cm −2 s −1 ), the overlap background is at a per-mil level and the CEP backgrounds dominate (numbers are given in the previous subsection).
In all three analyses in Refs. 15, 22, 39 the quantitative effect of overlaid pile-up events was assessed for the signal sample, for the diffractive background sources and for the ND bb dijet background. It was studied by mixing, event-by-event, a certain number of minimum bias events with one signal or one background event. This number is determined from Poisson statistics; it depends linearly on luminosity and is model-dependent since the total pp cross section at √ s = 14 TeV has not yet been measured. The effect of the overlap background is quantified by a processindependent probability of a fake double-proton tag, i. , where the average number of pile-up events per bunch crossing is 3.5 (including elastic events), the probability of an event to have a fake double-proton tag caused by pile-up protons is a few per-mil for all three FPD configurations. At L ∼ 10 34 cm −2 s −1 , where the average number of pile-up events per bunch crossing is 35 (including elastics), the probabilities reach 7%, 21% and 23% for the 420+420, 220+220 and 420+220 configurations, respectively, for assumed distances from the beam center of 2.5 mm at 220 m, and 4 mm at 420 m including a dead zone of 1 mm.
The numbers of fake proton pairs per bunch crossing, N/BX, as a function of the number of pile-up events per bunch crossing, N PU , is purely combinatorial and well described by the following formula:
Here µ SS = A SS * N PU and µ DS = A DS * N PU denote the probability to see pile-up protons in the FPDs on one side only ("SS", single-sided) and on both sides ("DS", double-sided), respectively. As is evident from the formula, the number N/BX crucially depends on the probability A SS . There are several estimates of this probability for FPDs at both, 420 m and 220 m available in literature which can be compared. In Ref. 39 a high statistics Pythia sample of minimum bias events and 2-dimensional (ξ, p T )-FPD acceptances gave 0.9% and 1.7% for A SS at 420 m and 220 m, respectively, and negligible numbers for A DS at both, 420 m and 220 m. The latter fact is due to the absence of the DPE processes in Pythia. In Ref. 22 only basic cuts 0.005< ξ 1 <0.018, 0.004< ξ 2 <0.014 and 0.02< ξ <0.2 were used as rough estimates of the 420 and 220 acceptances, respectively, and for these, 1.1% and 2.4% were obtained with PYTHIA 6.4, while 1.2% and 3.1% were reached by PHOJET 1.2. In Ref. 15 where the distances of the active region of the detectors were 1.5 mm and 4.5 mm for the 220 and 420 stations, respectively, and 2-dimensional (ξ, p T )-FPD acceptances and PHOJET 1.2 were used, the probabilities of 1.0% and 3.1% were reported. Finally, a theoretical estimate was made based on a model with a complete set of multi-Pomeron vertices. This model is described in Ref. 71 , where it is shown to be consistent with the HERA data on the triple-Pomeron vertex, and the estimates were based on the same basic ξ cuts as used in Ref. 22 are 1.0% and 2.5%. These numbers critically depend on the normalization of the leading proton ξ spectrum, which has not yet been measured at √ s = 14 TeV for which the above estimates are given.
At √ s = 14 TeV, cross-sections of soft SD events or ND dijet events witĥ p T > 30 GeV range around 10 mb or tens of µb, respectively, so reducing such huge backgrounds down to a tolerable level, comparable or smaller than the cross section of the signal after applying all the stringent cuts, is a real challenge.
All signal selection and background rejection cuts are described in Refs. 15,22,39. As an example, in Fig. 1 we show two quantities that provide an excellent separation between the signal and the overlap background and are thus used to significantly suppress the overlap background.
The |∆y| variable is defined as a difference between pseudorapidity of the central system calculated from the central detector and from the FPD, the latter based on the precise measurements of ξ. The N c variable is a number of charged particles outside the dijet system and thus gives an estimate of the number of charged particles not associated with the hard-scale process. The multiplicity difference for the signal and overlap background can then be accounted for by two facts: firstly the central system in non-diffractive events is color-connected with proton remnants, therefore the total number of produced particles is higher than that in a diffractive event. Secondly, basically for the same reason, the underlying event producing soft particles may be present in the non-diffractive event, while it is believed to be significantly suppressed in the diffractive event.
Another very powerful means to suppress the overlap background is exploiting fast timing detectors whose goal is to distinguish whether the proton detected in a FPD originates from a hard-scale event or from a pile-up event. The ToF difference between the two protons gives the z-position of the collision, to match with the central event. Fast timing detectors with an expected resolution of around 10 ps and hence z-resolution ∼2 mm are part of the AFP and CT-PPS projects. Monte Carlo studies 22, 39 suggest that with nominal running conditions a fair rejection is possible of events with fake protons. If a 2σ t cut (σ t is resolution of the ToF detector) is applied on the time measurement, the rejection is 19 (18, 16 and 15) at an instantaneous luminosity of 1 (2, 5 and 10) × 10 33 cm −2 s −1 , respectively.
BSM scenarios
Numerous models of new physics require an extended Higgs sector. A frequently used extension of the SM is the MSSM, [72] [73] [74] where the Higgs sector consists of five physical states (two Higgs doublets are required). At the lowest order the MSSM Higgs sector is CP-conserving, containing two CP-even bosons, the lighter h and the heavier H, a CP-odd boson, A, and the charged bosons H ± . It can be specified in terms of the gauge couplings, the ratio of the two vacuum expectation values, tan β ≡ v 2 /v 1 , and the mass of the A boson, M A . The Higgs sector of the MSSM is affected by large higher-order corrections (see for example Refs. 75-77 for reviews), which have to be taken into account for reliable phenomenological predictions.
In [23] [24] [25] all three main decay modes, namely bb, W W and τ τ are studied. (iii) L1 triggers. In Ref. 22 , three L1 triggers are considered for the symmetric 420+420 configurations, while for the asymmetric 420+220 configuration, a L1 trigger based on the information from the FPD at 220 m is used and this trigger is assumed to be fully efficient. The first L1 trigger for the symmetric FPD events is a low p T muon trigger of 6 GeV in addition to a 40 GeV jet. The second is a rapidity gap trigger where gaps would be defined by requiring a veto in very forward detectors (such as ZDC and LUCID in ATLAS or ZDC, CASTOR and Totem T1 and T2 telescopes on the CMS side). This trigger requires low luminosities -the trigger efficiency is estimated to be ∼ 17% at 10 33 cm −2 s −1 and ∼ 2% at 2 × 10 33 cm −2 s −1 . The third trigger allows a high, fixed L1 rate for 40 GeV jets which is then substantially reduced at L2 by utilizing information from stations at 420 m. The L1 rates of 25 kHz and 40 kHz are examined. In Ref. 23 any of the following four L1 triggers can be used. The first takes the signal in one of the stations at 220 m and at least two jets with p T > 40 GeV. As was shown in Ref. 78 , for this trigger a tolerable L1 bandwidth of 1 kHz may be kept only up to luminosities of about L ∼ 2 × 10 33 cm −2 s −1 due to the overlap background. The second trigger requires a jet with p T > 40 GeV and one muon with p T > 3 GeV, both measured in the central detector. The third trigger requires at least two jets with p T > 90 GeV in the central detector, so this trigger is useful only for high-mass searches. The fourth trigger, requiring electrons or muons in the central detector, is focused on retaining mainly events with W bosons decaying leptonically or semileptonically. While corresponding cuts are used at analysis level to mimic the triggers, they are assumed to be fully efficient.
(iv) Background treatment. As stated in the previous item, the two analyses only overlap in the bb decay mode, therefore the background treatment can only be compared for this decay mode. In Ref. 23 background sources of the W W and τ τ decay modes are also carefully discussed and these are summarised in separate subsections below. In both analyses, the same sources of background are considered for the bb decay mode, namely CEP gg → gg/bb, DPE gg → bb and overlap backgrounds coming from an overlap of a hard scale event with pile-up events. T . iv) Finally the NLO gg → bbg contribution which for hard gluon radiation at large angles does not obey the selection rules. The latest results 79, 80 suppressing the contribution in the LO by a factor of roughly two are included in the calculation of the total background cross section in the point iv. To suppress the contribution of the DPE gg → bb background, an additional cut on the polar angle of b-jets in the bb rest frame, 60
• < θ < 120 • , has been imposed after which this background has been estimated to be very small, as confirmed in Ref. 22 . Concerning backgrounds, on the one hand, as explained above, the overlap background is not zero even after applying all stringent suppressing cuts. On the other hand, the differences in the non-overlap background treatment summarised above have not been fully evaluated, nevertheless, rough estimates show that the irreducible backgrounds in Refs. 23-25 turn out to be higher than in Ref. 22 because more effects are included than in the LO ExhuMe program, so in the end the deficit of remaining background in Refs. 23-25 is partly compensated. If finally the L1 triggers are assumed to be fully efficient, both analyses yield significances well above 5 σ for the studied point (tan β, M A ) = (40, 120 GeV) at any instantaneous luminosity, as observed in Fig. 2 Fig. 2 . In the allowed region (the green area in Fig. 2 ) which is given by the combined experimental and theoretical uncertainties on the Higgs boson mass (see Ref. 97 for more details about the theory uncertainties), significances of at least 3 σ are obtained for light Higgs boson masses around [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] GeV. This is a mass region which is slightly more challenging than that so far studied around 120 GeV (see more discussion in Ref. 25) . We note that this region of interest may be ruled out by recent ATLAS searches for the light charged Higgs boson 98 which could not be considered in Ref. 25 . However a dedicated analysis of the exclusion bounds in this scenario, including the CMS results, still needs to be carried out. We conclude that although room for a comparatively low mass (below 200 GeV) BSM Higgs boson is decreasing, the heavy BSM Higgs bosons cannot be entirely excluded.
Refs. 24, 25 also stress the importance and advantages of the CEP process in determining the spin-parity quantum numbers of Higgs bosons, and also in searching for a possible CP-violating signal in the Higgs sector. 
H → W W ( * )
This channel does not suffer from any of the difficulties present in the bb channel: suppression of the dominant backgrounds does not rely primarily on the mass resolution of the FPDs, background cross sections are calculated with a sufficient precision and probably, in the leptonic and semi-leptonic decay modes, standard L1 leptonic triggers may be used. From experimental point of view, there are three main categories of events with two W bosons in the final state.
(1) Fully leptonic. Events in which both W bosons decay into either an e or a µ are the simplest and will typically pass the L1 trigger thresholds due to the high p T final state lepton. A portion of the events with decays into one or two τ 's will pass the L1 trigger thresholds with τ subsequently decaying leptonically. The inclusive branching ratio (with decays either into e or µ or τ ) is 10.3%. (2) Semi-leptonic. Events in which one W boson decays leptonically and the other into two jets can be triggered by the leptonic L1 triggers mentioned in the item above. The branching ratio for cases when one W boson decays into one of the lepton types and the other W boson into two jets is about 14.5%, the inclusive branching ratio is therefore about 43.5%. (3) Fully hadronic. The 4-jet decay mode occurs in 46.2% but it is unlikely to pass the L1 trigger thresholds without information from the FPDs. In addition the QCD background is expected to be overwhelming. The backgrounds to the W W decay mode have been thoroughly discussed in Ref. 23 and also in Refs. 39, 40, 100. The main exclusive backgrounds can be divided into two broad groups: i) central production of a WW pair from the QED process γγ → W W ( * ) and ii) W-strahlung process arising from the QCD gg → Wsubprocess, where the (hadronically) decaying W ( * ) is faked by the two quarks. As shown in Ref. 39 , 40 over a wide range of Higgs masses the photon-photon backgrounds can be strongly suppressed if the final state leptons and jets are required to be central and the cut p T > 200 MeV on the proton transverse momentum measured in the FPDs is imposed. In general, the gluon-gluon QCD process with the W -strahlung is expected to be effectively suppressed by requiring the dijet mass to fall in an appropriate W mass window, since the background dijet mass distribution is a continuum beneath the W mass peak. 100 So for Higgs masses below the W W threshold (as in the case of the discovered Higgs boson with the measured mass of about 125 GeV) where the off-shell W -boson is the one decaying hadronically, and imposing a W mass window 70 < M W < 90 GeV on the measured dijet mass, one should effectively remove all events with hadronically decaying W * -bosons and enhance the signal-to-background ratio.
There are four analyses in the literature that deal with the W W ( * ) decay mode. In Ref. turned out to be the most important background but can be kept smaller than the signal yield thanks to the p T cut on the proton measurements in FPDs. The overlap background turned out to be fully tamable after making use of the exclusivity cuts. These conclusions are valid for any instantaneous luminosity up to 10 34 cm −2 s −1 .
H → τ τ
The Higgs boson branching ratio into two τ 's in SM at a mass of 120 GeV being ten times smaller than that into bb makes this decay mode less attractive than the other two discussed above. Similarly to the W W decay mode, there are three classes of events with respect to the decay mode of τ , namely the fully leptonic, semileptonic and fully hadronic, with a significant difference being the higher number of neutrinos in the final state. Important experimental advantages compared to the bb decay mode are i) the possibility of using high p T lepton triggers and ii) that hadronic τ -jets have very low particle multiplicities, and are almost exactly backto-back in azimuthal angle. The latter promises to enable us to effectively suppress the overlap background even for the hadronic decays. Backgrounds are discussed in Ref. 23 . The dominant sources come from two processes: the QED γγ → τ τ which can be safely neglected after applying cuts on the transverse momenta of the diffractive protons measured in the FPDs. The cut p T > 200 MeV suppresses the QED background by a factor of 70, while the signal is reduced by 40%. The other important background comes from the CEP gg → gg where the outgoing gluons may mimic the tau. Imposing the same cut as in the bb case, 60
• < θ < 120
• , and assuming that the probability of misidentification of gluons to be tau, P g/τ is smaller than 1/50, this source of background can be safely neglected. Note that in the inclusive events, thus in a less clean environment than in the exclusive case we are discussing here, P g/τ has been evaluated to be 1/500 101, 102 and so our assumption is realistic. Estimates of signal and background event yields for this decay mode have never been published. In Ref. 23 , 24 the same signal selection efficiencies as for the bb decay mode are assumed, while the exclusive QED as well as QCD backgrounds have been properly calculated. Unpublished results 103 based on exclusivity cuts and including those suppressing both exclusive backgrounds discussed above confirm the similarity of the signal selection efficiencies between the τ τ and bb modes. Prospects for this channel in MSSM have been presented in Refs. 23, 24 in the same benchmark scenarios as for the bb channel. Although the outlook for taming the overlap backgrounds is more favorable than for the bb decay mode, the significances are generally always lower.
Central Exclusive Higgs production in NMSSM
The Next-to-Minimal Supersymmetric Standard Model (NMSSM) extends the MSSM by introducing a singlet superfield. The Higgs sector in the NMSSM consists of three CP-even and two CP-odd neutral Higgs bosons and a charged Higgs boson. In this model the µ problem 104 can be solved and scale parameters do not need to be finely tuned as is the case in MSSM. However this is only possible if the lightest CP-even Higgs boson h has a mass around 100 GeV and has SM couplings to gauge bosons and fermions. Consistency with LEP limits then results in h primarily decay-
where a is the lighter of the two pseudoscalar Higgs bosons present in the NMSSM. Both of these Higgs bosons might have escaped the LEP searches and they are almost impossible to detect at the LHC by standard tools. The troublesome low mass region may be covered by CEP. In Ref. 105 the above scenario is studied in detail with a scalar Higgs boson of mass 92.9 GeV decaying into two pseudo-scalar Higgs bosons a with masses of 9.73 GeV. The h → aa decay occurs in 92% cases and each a then decays into τ + τ − with 81% probability. The analysis procedure is very similar to that used in studying the MSSM CEP H → bb process in Ref. 22 . The signal has been incorporated into the ExHuMe event generator, which also served to estimate the effect of irreducible backgrounds coming from the CEP gg → gg/bb processes, and POMWIG was used to estimate the DPE dijet background. The overlap background coming from pile-up events is treated as described in subsection 3.1.1. Finally the exclusive QED backgrounds pp → τ + τ − l + l − (where l is any charged lepton) were also considered and estimated using MADGRAPH. 106 The L1 trigger considered is a single muon with p T > 6 GeV (which may have to be increased to 20 GeV at high luminosity).
After all cuts and using only the 420 FPD configuration (since the stations at 220 m do not contribute due to the low mass region of interest), effective cross sections (after applying all cuts) are 0.07 fb for signal and 0.002 fb for the nonoverlap background, where the largest source is the DPE dijet production, while the QED source is entirely negligible. The overlap background is 0.005 fb at luminosities of 10 34 cm −2 s −1 and 100 times lower at 10 33 cm −2 s −1 . These values correspond to a central mass window of GeV assuming that such a wide interval will be needed when operating in a search mode. Once the signal is detected, a much narrower mass window can be applied thereby reducing the overlap background significantly. The small size of this background (compared e.g. to the CEP H → bb channel where it represents a real challenge) is easily explained by a striking feature of the analysis adopted in Ref. 105 which relies on the tracking devices, FPDs and muon chambers, hence reducing the effect of calorimeters to a minimum. By selecting events with only 4 or 6 tracks and at least one muon with p T > 6 GeV, of all combinations of four tau decays, only those are chosen where one tau decays to a muon whilst of the three remaining taus at most one of them is allowed to decay to three charged particles. By insisting also that the selected tracks have the right topology (they should cluster and form back-to-back pairs) we get a very favorable ratio of signal to overlap background: while 25% of signal is still available after the muon p T cut, the overlap background is immensely suppressed.
The favorable signal-to-background ratio, and a signal event yield that is not extremely low, promises good prospects not only for measuring the mass of the scalar Higgs boson but also of the pseudoscalar a. Knowing the rapidity and mass of the central system from precise ξ-measurements at the FPDs, and assuming that the a's are highly boosted (which would cause their decay products to follow roughly the direction of the parent τ 's), four a mass measurements per event are possible. With the efficiency of the muon trigger estimated to be around 50% and with the amount of data of 180 fb −1 collected at 3 × 10 33 cm −2 s −1 , one can expect roughly 6 signal events with a negligible background, giving m a = 9.3 ± 2.3 GeV which is in a good agreement with the expected value of 9.7 GeV.
Central Exclusive Higgs production in Triplet Model
In SUSY models there are at least two Higgs doublets. Singlets occur in many extensions of the SM, see the previous section. In left-right symmetric models, triplets are added to generate a small mass for the neutrinos. The new scalars do not always participate in the electroweak symmetry breaking, nevertheless they affect the properties of the Higgs boson via mixing. Higgs triplets are used in models such as composite Higgs or little Higgs. A tiny neutrino mass would indicate that the mass is generated by the seesaw mechanism which contains the couplings of neutrinos to the triplet. Ref. GeV) can be observed with a significance of 4 σ or better and its mass measurement can be made of better than 2 GeV resolution, if a fixed rate single jet trigger is used to retain events in which both protons are measured at 420 m from the IP.
Conclusions
Despite the achievements in terms of the discovery of the Higgs boson at LHC and measurements/estimates of its properties, the central exclusive production of the Higgs boson, whether of the SM or MSSM nature, still represents a powerful tool to complement the standard strategies at LHC. A striking feature of the CEP Higgsboson is that this channel provides valuable additional information on the spin and the coupling structure of Higgs candidates at the LHC. We emphasize that the J z = 0, C-even, P-even selection rule of the CEP process enables us to estimate very precisely (and event-by-event) the quantum numbers of any resonance produced via CEP.
In this review, the current status of the signal selection and of the background suppression for the CEP of Higgs bosons at LHC has been summarised, and numerous results have been collected and compared, where possible. The SM situation has been elaborated with a special attention since it represents a basis for all other analyses dealing with the New Physics to be searched for using the forward proton measurements. The significances for the CEP Higgs boson decaying into bb, W W or τ τ pairs in SM are moderate but 3 σ can be reached if the analysis tools, ToF measurement resolution or L1 trigger strategies are improved. The fact that the mass 125.5 GeV Higgs boson is well known helps to optimize the strategy. Measurements and estimates made at LHC so far suggest the discovered Higgs boson is very consistent with the SM, hence room for New Physics at low masses is diminishing, while the high mass region still needs to be explored. In this review three models of New Physics have been examined, namely the MSSM, NMSSM and Triplet models.
The prospects of using central exclusive production to study this sector have been summarized, although upcoming results expected from the LHC Run II may change the outlook.
